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ABSTRACT 
ICHTHYOPLANKTON COMPOSITION IN THE LOOP CURRENT AND 
SARGASSUM HABITATS IN THE NORTHERN GULF OF MEXICO 
by Stephanie Morgan Taylor 
August 2015 
Ichthyoplankton in the Gulf of Mexico (GOM) aggregate in two different habitats 
that serve to provide refuge and concentrate prey in an otherwise oligotrophic 
environment:  the Loop Current (LC) a mesoscale oceanographic feature characterized by 
the transition of environmental conditions of the water mass between the GOM and 
Caribbean; and Sargassum, a two species assemblage of floating brown algae that is 
habitat for many larval and juvenile obligate and associated fishes.  The objectives of this 
study were to characterize the density and community composition of ichthyoplankton 
within these habitats using multivariate analysis.  I identified three unique assemblages of 
ichthyoplankton at the LCB:  a transition assemblage found around the LCB and two 
peripheral groups originating from either GOM or Caribbean water masses.  The LCB 
ecotone displays a unique biotic assemblage of economically important fishes and may be 
essential to the early life history of these fishes.  Sargassum is considered a nursery 
because of its observed densities of larval and juvenile fishes and potential ability to act 
as a nursery.  Sargassum is a spatially and temporally dynamic habitat driven by currents, 
winds, and storms.  We identified two distinct ichthyoplankton assemblages that were 
associated by the type of collection gear.  Sargassum morphology did not influence 
ichthyoplankton community structure because Sargassum is temporally unstable and 
unable to establish strong community structure.  Community structure was influenced by 
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temporal recruitment which is also evidence of an unstable environment and resulted in a 
correlation between spawning and recruitment of the ichthyoplankton to the Sargassum.   
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CHAPTER I 
LOOP CURRENT ICHTYOPLANKTON COMMUNITY ANALYSIS 
Introduction 
The investigation of the spatial dynamics of organismal community transitions 
continues to be a focus of ecological research (Geist 2012), and the dynamics of 
community composition at habitat margins are of special interest (Yahner 1988).  
Transition areas of community composition between adjacent habitats are unique because 
of the “edge effect” that influence taxonomic diversity and richness (Odum 1971). 
Habitat composition at the margin of flanking habitats generally exhibit complexity and 
contain multiple boundary landscape elements (Wiens et al. 1985) which can lead to 
increased niche diversity (Wiens et al. 1985).   
The transition between organismal communities, determined by the meeting of 
disjoint habitat characteristics, is categorized by the spatial scale of the transition.  Two 
community transition types are recognized:  ecotones and ecoclines (Livingston 1903, 
Clements 1905, Whittaker 1960).  Ecotones exhibit community differences at small 
spatial scales (Livingston 1903, Clements 1905, van der Maarel 1990).  Ecotones have 
been reported in diversity of habitat types including the disjoint boundaries that exist in 
forests, riverine and swamp edges, rainforests and savannah, and savannah and desert 
(Clark and Gilbert 1982, Gosz 1993, Welborn et al. 1996, Smith et al. 1997, Mayle et al. 
2007).  In contrast, ecoclines exhibit a gradual change in organismal community structure 
(Bolton 1983, Rietema 1995).  Because ecoclines lack distinct boundaries, the 
community composition in the transition area is often considered a single heterogeneous 
community (van der Maarel 1990).  One documented ecocline is the gradual change in 
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the community composition of plant distribution in response to increasing elevation on a 
mountainside:  as elevation increases, the composition of coniferous species differs 
(Hättenschwiler 1995).  Attrill and Rundle (2002) also determined that the Thames 
Estuary in the North Sea was as an aquatic ecocline, the fish fauna of species of fish 
exhibited a transition from primarily freshwater to primarily marine (Attrill and Rundle 
2002).   
A variety of mechanisms in marine ecosystems serve to maintain the relatively 
greater organismal diversity that occurs in ecotones.  Although they were once 
considered to be homogenous environments (McKelvie 1985), recent work has shown 
that the pelagic environment exhibits habitat differentiation, water from different origins 
have variable physical and chemical compositions (Bane 2001).  Boundaries of water 
masses can exhibit pronounced habitat gradients over relatively fine scales (Herron et al. 
1989).  The Loop Current (LC) in the Gulf of Mexico (GOM) is a spatially and 
temporally dynamic mesoscale oceanographic feature in the GOM that is formed by the 
intrusion of warmer Caribbean water from the Yucatan Current into the central GOM 
(Sturges and Evans 1983, Richards et al. 1989).  The LC water is typically warmer than 
the resident GOM water, resulting in a biologically dynamic zone of convergence at their 
interface (Bakun and Csirke 1998, Brown et al. 1999).  The Loop Current Boundary 
(LCB) is a location of upwelling and downwelling caused by current flow (Bakun and 
Csirke 1998, Lohrenz et al. 1999).  The resulting flow dynamics provides nutrient rich 
water to the photic zone which enhances primary production (Kingsford 1990, Biggs 
1992).   
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Because of the physical and biological dynamics of the LCB, it has been the focus 
of studies examining how the boundary characteristics promote biological diversity and 
abundance (Richards et al. 1993, Lindo-Atichati et al. 2012).  Lindo-Atichati et al. (2012) 
found greater densities of ichthyoplankton at the LCB than in adjacent areas.  They 
suggested that the LC frontal feature promoted larval survivorship because of its 
provisioning of increased feeding opportunities (Lindo-Atichati et al. (2012).  Muhling et 
al. (2010, 2012) reported that ichthyoplankton aggregations were associated with 
locations that exhibited a gradient of increased sea surface temperature (SST) and current 
patterns in the GOM – indicative of LCB conditions.  Similarly, the distribution of 
spawning adult bluefin tuna in the GOM were sensitive to the changes in SST and 
associated with the occurrence of fronts (Teo et al. 2007, Teo and Block 2010).  
The goal of this study is to understand whether the LCB exhibits ecotone 
characteristics.  I describe the observed changes in community composition, specifically 
whether the boundary area exhibits a detectable transition between ichthyoplankton 
communities.  I characterized the spatial scale of changes in ichthyoplankton community 
composition and determine the abiotic components of the habitat that are responsible for 
contrasts in the of the community composition of the LCB and adjacent water masses.   
Methods 
Ichthyoplankton were sampled in the GOM during May 2003 and June 2004 at 
stations placed along transects perpendicular to the LCB at the northern and western 
boundary regions of the LC (24.5 °N to 27.5 °N and ˗86.0 °W to ˗89.5 °W, Figure 1).  
The location of transects were established a priori using Advanced Very High Resolution 
Radiometer (AVHRR) satellite imagery to detect where transitions in the SST occurred.  
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The location of stations along transects were determined in situ by measuring water 
temperature using conductivity, temperature, and depth (CTD) and expendable 
bathythermograph (XBT) sensors. The objective was to sample stations within the LCB 
and adjacent areas.  The location of the LCB was determined as the location where the 
temperature at 100 m was 20 °C (Lubertz 1967, Nowlin and McLellan 1967).  The intent 
of the sampling design was to sample stations along transects in each of three areas: 1) 
the GOM located west or north of the LCB; 2) the LCB; and 3) the Caribbean influenced 
waters that are located east or south of the LCB.   
 
 
Figure 1.  The study design surveyed in and around the Loop Current Boundary of the 
Gulf of Mexico.  Circles represent stations sampled in a transect which were enlarged to 
show the transects in the bottom left and top right corners.  Illustrated are lines that 
connect the stations in a sampled transect.  The bottom magnification box shows transects 
that were sampled in May of 2003, and the top right transect was sampled in June 2004.  
Three to seven stations on each of the transect were sampled. 
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Biological and physical data were collected and recorded at all stations.  A 
discrete-depth Tucker trawl was deployed at each station for five minutes per depth bin to 
collect ichthyoplankton.  The discrete depth Tucker trawl consisted of three separate nets 
with dimensions 1 m by 1.5 m with 0.333 mm mesh netting that is 5 m in length.  The 
gear is designed to consecutively collect three separate samples at 1 m, 10 m, and 20 m 
depth.  I restricted the analysis to only those samples collected at the 1 m depth because 
these samples were taken most consistently.  In 2003, collections were made at 13 
stations on three transects; and in 2004, collections were made at six stations along one 
transect.  The linear distance that the trawl traveled was determined using a calibrated 
flow meter.  The volume of water sampled is equal to the product of this number and the 
area of the net that was towed at a known, but non-vertical angle.  All fishes collected at 
each station were removed from the nets and immediately preserved in 95% ethanol.  
Preserved samples were sorted, and individuals were identified to the family level or in 
some cases to the species level.  Individuals in a subset of families (n = 14) were 
identified to the species-level including Balistidae, Caproidae, Carangidae, 
Coryphaenidae, Echeneidae, Exocoetidae, Gempylidae, Holocentridae, Lutjanidae, 
Nomeidae, Rachycentridae, Scombridae, Sphyraenidae, and Xiphiidae.  These are species 
of economic and ecological interest and were relatively easy to identify.  Individuals 
collected were either larvae or early juveniles, with the majority of them measuring less 
than 10 mm (Table 1).  In this study I refer to them as ichthyoplankton.   
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Table 1 
 
Mean, standard deviation, minimum, and maximum length (mm) of ichthyoplankton 
organized by family for each specimen (n) measured.   
 
Family n Mean SD Minimum Maximum 
Carangidae 339 3.06 1.43 1.3 14 
Coryphaenidae 29 3.11 1.60 1.7 10 
Echeneidae 7 4.20 1.00 3 5.6 
Exocoetidae 15 4.27 1.38 2.6 7.3 
Gempylidae 56 4.11 1.56 1.7 8.8 
Gonostomidae 166 4.53 1.81 1.8 11.3 
Hemiramphidae 15 5.31 1.19 4 8.1 
Istiophoridae 56 3.18 0.86 1.6 5.6 
Myctophidae 301 3.57 1.10 1.6 9.6 
Scombridae 655 3.38 1.25 1.5 10.7 
Scorpaenidae 64 2.48 1.04 1.1 7.1 
Sphyraenidae 27 3.74 1.41 1.8 6.6 
 
Note:  The first 50 of each species identified at a station were measured but lengths were not measured at each station collected.   
In addition to collecting ichthyoplankton, a suite of environmental variables was 
collected from each station using in situ, modeled, and remotely-sensed sources.  In situ 
data consisted of SST ( ), salinity (ppt), dissolved oxygen concentration (mg/L), wind 
speed (m/s), and time of day of the collection.  Modeled estimates of temperature (°C) at 
100 m depth, surface current velocity (cm/s) and direction, and sea surface height (m) 
were obtained from the Hybrid Coordinate Ocean Model (HYCOM, Chassignet et al. 
2007).  Remotely-sensed chlorophyll a measurements were made using eight-day 
composite images of ocean-color from the Moderate Resolution Imaging 
Spectroradiometer (MODIS) sensor (Moses et al. 2009). 
Prior to multivariate community analyses, quality control checks were done to 
verify the fidelity of electronic and written records and ensure that salinity, temperature, 
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dissolved oxygen, wind speed, and direction measurements were available for each 
station.  All family-specific abundance data for each station were converted to a density 
estimate based on the volume of water sampled for each tow using 
log10(1 + densityfamily,station).  A community resemblance matrix (Bray-Curtis similarity) 
was created from the transformed density data for ordination.  Nonmetric 
multidimensional scaling (MDS) was used to describe the dissimilarity among family-
specific ichthyoplankton densities of each station.  The results of the MDS are validated 
using Kruskal’s stress and Monte Carlo randomization algorithm (Clarke 1993, McCune 
and Grace 2002).  Stress is determined by comparing the non-metric fit from the sum of 
squared differences from the ordination distance with the outcome from the regression 
distances.  Nonmetric multidimensional scaling ordination was repeated 250 times until 
global minimum stress and dimensionality were minimized.  The Monte Carlo 
randomization was used to determine the best solution with the lowest dimension that has 
the most significant reduction in stress than was expected by chance (Kruskal 1964a, b, 
Clarke 1993).   
I used a similarity profile (SIMPROF) test, a form of hierarchical clustering, to 
arrange station-specific familial assemblages in ordination space.  Hierarchical clustering 
methods are used to determine cohesive groups of stations that have similar taxonomic 
composition.  SIMPROF is a permutation test to cluster stations a priori in statistically 
significant groups.  SIMPROF is calculated using ranked Bray-Curtis similarities 
(observed) and then compares those ranks with permutations of the family density data 
(expected).  The π statistic is used to determine the difference between the observed and 
expected profile and is calculated using the sum of absolute differences and repeated 999 
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times.  SIMPROF is calculated for each branch of the cluster analysis to determine if the 
cluster is significantly different using the π value; if the π value is greater than the 
expected, then the grouping is considered significant (p < 0.1) (Clarke and Gorley 2006).   
The “BEST” procedure (BIO-ENV/BVSTEP) was used to determine which 
environmental data had power to describe the observed similarities and dissimilarities in 
the family-specific density composition (Clarke and Ainsworth 1993).  The multivariate 
analysis used the Bray-Curtis similarity community resemblance matrix and a Principle 
Components Analysis (PCA) matrix of environmental variables (Appendix A).  The 
BEST procedure seeks to find the optimal matching variables using Spearman correlation 
between the assemblage pattern of the resemblance matrix and the linked environmental 
PCA matrix to best explain the biotic patterns.   
Two different post hoc analyses were used to understand the observed differences 
among qualitatively-identified group compositions.  The first analysis, “analysis of 
similarity” (ANOSIM), ranks similarities between pairs of identified groups.  The second 
post hoc analysis performed was “similarity percentages” (SIMPER) which was 
conducted at two taxonomic levels of family and species.  SIMPER analysis uses the 
Bray-Curtis similarity measurement to rank the dissimilarities of groups (Clarke and 
Warwick 2001).  A SIMPER analysis was performed to determine which families 
composed the majority of the dissimilarity percentage for each MDS assemblage and then 
for 25 identified species of those families.   
Diversity, richness, and evenness indices were used to describe ecological 
community composition in each assemblage (Legendre et al. 2005, Molles 2012).  The 
Shannon-Wiener Index was used to describe alpha diversity (Shannon 1948):   
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In the above formula,    is the proportion of the i
th
 family in the stations.  Alpha diversity 
is used to describe the community structure and the complexity of the number of families 
in a station (Sepkoski 1988).  Family richness (S), is the number of unique families in 
each station.  Pielou’s evenness (J) describes the structure of the community and uses the 
family richness value (Pielou 1969):   
    
  
     
. 
Pielou’s evenness index ranges between zero and one:  zero represents complete 
unevenness such that the sample is composed of only a few species in relatively high 
abundance, and one indicates that the sample has all species in equal abundance.   
Results 
A total of 4,927 individual fish from 37 families were collected and analyzed for 
community analysis. A total of 4,119 (83.6%) were identified to the taxonomic level of 
family and 2,423 of these fish (49.2%) were identified to the taxonomic level of species.  
Scombridae (tunas) had the greatest relative abundance among the selected 14 families 
collected followed by Myctophidae (lanternfish), Carangidae (jacks), Gonostomatidae 
(bristlemouths), and Exocoetidae (flyingfish) (Table 2).   
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Table 2 
 
Total, minimum, maximum, mean, and standard deviation of density (fish/100 m
3
) for 
each family from one meter discrete depth Tucker Trawl stations (n = 20).   
Family Total Minimum Maximum Average  SD 
Scombridae 774.79 0 448.27 38.74 105 
Exocoetidae 161.88 0 146.9 8.09 32.72 
Carangidae 81.65 0 29.29 4.08 6.9 
Myctophidae 58.68 0 15.06 2.93 4.4 
Istiophoridae 46.4 0 24.36 2.32 6.04 
Sphyraenidae 36.03 0 10.78 1.8 2.65 
Coryphaenidae 24.69 0 9.26 1.23 2.61 
Gonostomatidae 22.73 0 4.69 1.14 1.55 
Hemiramphidae 22.35 0 13.64 1.12 3.3 
Holocentridae 18.77 0 9.01 0.94 2.45 
Scorpaenidae 13.44 0 5.51 0.67 1.33 
Paralichthyidae 11.74 0 3.79 0.59 1.09 
Tetraodontidae 11.66 0 7.28 0.58 1.65 
Priacanthidae 10.76 0 4.69 0.54 1.15 
Gempylidae 5.78 0 1.66 0.29 0.5 
Gerreidae 5.01 0 1.96 0.25 0.56 
Echeneidae 2.59 0 1.22 0.13 0.29 
Synodontidae 2.54 0 1.93 0.13 0.4 
Caproidae 2.38 0 0.83 0.12 0.3 
Triglidae 2.19 0 2.19 0.11 0.5 
Muraenidae 1.32 0 0.97 0.07 0.2 
Balistidae 1.17 0 0.92 0.06 0.2 
Xiphiidae 1.03 0 0.61 0.05 0.2 
Ophichthidae 0.86 0 0.34 0.04 0.1 
Chlorophthalmidae 0.83 0 0.83 0.04 0.2 
Lutjanidae 0.69 0 0.41 0.03 0.1 
Rachycentridae 0.61 0 0.61 0.03 0.1 
Nomeidae 0.59 0 0.59 0.03 0.1 
Mugilidae 0.49 0 0.49 0.02 0.1 
Monocanthidae 0.34 0 0.34 0.02 0.1 
. 
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Table 2 (continued). 
 
Family Total Minimum Maximum Average  SD 
Syngnathidae 0.33 0 0.33 0.02 0.1 
Serranidae 0.32 0 0.32 0.02 0.1 
Chaetodontidae 0.28 0 0.28 0.01 0.1 
Ophidiidae 0.28 0 0.28 0.01 0.1 
 
Note:  Out of the 20 one meter discrete depth Tucker trawls, 37 were caught and are listed in order of abundance.  A total of 4,927 
individuals were caught; 808 individuals were unidentified (16.3 %).   
The MDS analysis indicated three distinct assemblages: an assemblage in between 
two assemblages termed the “Transition” and “peripheral” assemblages.  These 
assemblages were clustered at 40 percent similarity (Figure 2).  Surface chlorophyll a 
(mg/m
3
), surface current velocity (m/s), and SST (°C) had explanatory power to describe 
the contrast in community patterns (Global R = 0.481).  Peripheral Group One was 
associated with greater concentrations of surface chlorophyll a and surface current 
velocity, and Peripheral Group Two is associated with greater values of SST (Figure 3, 
Table 3).    
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Figure 2.  Nonmetric multidimensional scaling biplot (stress = 0.14).  Groups were 
clustered using 40 percent similarity using similarity profile (SIMPROF).  Open circles, 
checkered circles, grey triangles, black triangles, black squares, and dotted squares each 
illustrates a significantly branched cluster using SIMPROF.  MDS groups were illustrated 
using shapes and were chosen based on SIMPROF cluster and MDS.  The Transition 
assemblage is represented by black and grey triangles.  Peripheral Group One is 
represented by the checkered and open circles, and Peripheral Group Two is represented 
by black and dotted squares.   
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Figure 3.  Nonmetric multidimensional scaling biplot (stress = 0.14).  Groups were 
clustered using 40 percent similarity.  Groups designated with open triangles represent 
the Transition assemblage.  The other two groups represented by open circles and open 
squares are the Peripheral Group One and Two respectively.  Vectors are imposed on the 
MDS using the BEST procedure representing the environmental variables that best 
explain the variation in the community patterns.  The BEST procedure resulted in a 
Global R value of 0.481.  Surface chlorophyll a (mg/m
3
, represented by a short-dashed 
line), and surface current velocity (m/s, represented by a solid line) are associated with 
Peripheral Group One.  Peripheral Group Two and the Transition assemblage are 
associated with sea surface temperature (°C, represented by a long-dashed line). 
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Table 3 
 
Mean, standard deviation, minimum, and maximum of the environmental parameters used in BEST procedure.   
MDS 
Assemblage 
Source Environmental Parameter Mean SD Minimum Maximum 
Peripheral 
Group 1 
MODIS Chlorophyll a (mg/m
3
) 0.12 0.02 0.09 0.15 
HYCOM Temperature (°C), 100 m 20.91 0.91 19.58 21.76 
 observed Salinity (ppt) 36.1 0.22 36 36.5 
 observed Temperature (°C) 27.62 0.58 27.1 28.6 
 observed Dissolved Oxygen (mg/L) 8.36 1.15 6.3 9 
 HYCOM current velocity (cm/s) -0.61 0.29 -0.98 -0.21 
 HYCOM current direction 2.29 1.42 -0.05 3.5 
 HYCOM sea surface height (m) 0.18 0.19 -0.07 0.36 
  observed wind (m/s) 7.4 4.04 1 12 
Transition MODIS Chlorophyll a (mg/m
3
) 0.09 0.02 0.06 0.11 
 HYCOM Temperature (°C), 100 m 20.57 0.71 19.58 21.62 
 observed Salinity (ppt) 36.18 0.24 36 36.5 
 observed Temperature (°C) 28.58 0.51 27.8 29.5 
 observed Dissolved Oxygen (mg/L) 7.83 1.34 6.2 9 
 HYCOM current velocity (cm/s) -0.71 0.13 -0.89 -0.52 
 HYCOM current direction 1.71 1.55 -0.1 3.1 
 HYCOM sea surface height (m) 0.19 0.23 -0.09 0.41 
  observed wind (m/s) 5.8 2.9 1 9 
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Table 3 (continued). 
 
MDS 
Assemblage 
Source Environmental Parameter Mean SD Minimum Maximum 
Peripheral 
Group 2 
MODIS Chlorophyll a (mg/m
3
) 0.1 0.04 0.06 0.15 
HYCOM Temperature (°C), 100 m 21.02 0.51 20.48 21.62 
 
observed Salinity (ppt) 36.14 0.21 36 36.4 
 
observed Temperature (°C) 28.98 0.43 28.6 29.6 
 
observed Dissolved Oxygen (mg/L) 7.5 1.39 6.3 8.8 
 
HYCOM current velocity (cm/s) -0.49 0.24 -0.71 -0.28 
 
HYCOM current direction 1.56 1.95 -0.13 3.3 
 
HYCOM sea surface height (m) 0.13 0.27 -0.1 0.37 
 
observed wind (m/s) 5.5 3.42 2 10 
 
Note:  Temperature, salinity, dissolved oxygen, and wind were compiled from observed conditions; chlorophyll a was compiled using satellite data from Moderate Resolution Imaging 
Spectroradiometer (MODIS) sensors; and temperature at 100 m depth, current velocity and direction, and sea surface height were compiled from Hybrid Ocean Coordinate Model (HYCOM) for each 
nonmetric multidimensional scaling (MDS) assemblage.   
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Each of the recognized community assemblages was significantly dissimilar in 
their family composition (One-way ANOSIM  R = 0.588, p < 0.01).  The greatest R value 
resulted from the pairwise comparison of the peripheral assemblages, indicating that  
Peripheral Group One and Peripheral Group Two were the most significantly dissimilar 
(R = 0.684, Table 4).  The lowest R value resulted from the pairwise comparison of 
Peripheral Group Two and the Transition Assemblage (R = 0.396, Table 4).  Family 
Myctophidae (lanternfish) and Exocoetidae (flyingfish) were characteristic of Peripheral 
Group One (Figure 4).  Scombridae and Carangidae were dominant taxa of the Transition 
assemblage but were present in all three assemblages (Figure 4).  Fish of the families 
Sphyraenidae (barracudas), Istiophoridae (billfishes), Hemiramphidae (halfbeaks), 
Scorpanidae (scorpionfishes), Gonostomatidae, Tetraodontidae (puffers), and Echeneidae 
(remoras) were characteristic of Peripheral Group Two (Figure 4).   
Table 4 
 
One-way Analysis of Similarity (ANOSIM), test of differences, between each of the three 
community assemblages.   
 
Assemblage R P value 
Peripheral Group 1 v.  Transition 0.629 0.003 
Peripheral Group 2 v.  Transition 0.396 0.016 
Peripheral Group 1 v.  Peripheral Group 2 0.684 0.008 
 
Note:  The Global R for the ANOSIM is 0.558 with a corresponding p value of 0.001, indicating significant dissimilarity for the Loop 
Current Boundary community.   
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Figure 4.  Relative densities for each family represented as a bubble plot of the following:  A.) Scombridae, B.) Gonostomatidae, C.) 
Myctophidae, D.) Tetraodontidae.  Groups designated with black circles represent the Transition assemblage, open and gray circles 
represent Peripheral Group One and Two, respectively.   
  
A. B. 
C. D. 
 A. 
 A. 
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Figure 4 (continued).  Relative densities for each family represented as a bubble plot of the following:  E.) Carangidae, F.) 
Sphyraenidae, G.) Hemiramphidae, H.) Scorpaenidae.  Groups designated with black circles represent the Transition assemblage, open 
and gray circles represent Peripheral Group One and Two, respectively.   
  
H. G. 
F. E. 
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Figure 4 (continued).  Relative densities for each family represented as a bubble plot of the following:  I.) Istiophoridae, J.) 
Gempylidae, K.) Coryphaenidae, L.) Exocoetidae.  Groups designated with black circles represent the Transition assemblage, open 
and gray circles represent Peripheral Group One and Two, respectively.   
I. 
 A. 
 A. 
J. 
K. L. 
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The SIMPER analysis indicated that a relatively small subset of taxa contributed 
to the significant differences between the three assemblages.  The relative density of the 
families Scombridae, Myctophidae, Exocoetidae and Carangidae contributed the most to 
the differences in pairwise dissimilarity of each assemblage (Table 5).  Overall Peripheral 
Group One exhibited the lowest densities of ichthyoplankton among samples (Table 6, 
Figure 4).  The family Scombridae exhibited the greatest mean density (Table 2) in all 
assemblages, particularly in the Transition assemblage (Figure 4), and contributed to the 
largest portion of pairwise dissimilarity between each of the assemblages (Table 5).  
Scombridae member Auxis rochei contributed to over 20% of the dissimilarity between 
assemblages (Table 7) and was present in all assemblages (Table 8).   Scombridae 
members Thunnus albacares and T. atlanticus also contributed to over 10% of the 
dissimilarity between assemblages (Table 7) and were present in all assemblages (Table 
8).  Carangidae exhibited the third greatest mean density (Table 2) of which the greatest 
densities were found in the Transition assemblage, but the taxa was present in all 
assemblages (Table 2, Figure 4) and contributed over six percent of the dissimilarity 
between each of the assemblages.  Myctophidae exhibited a similar pattern of relatively 
high densities and occurred within Peripheral Group One and the Transition assemblage.  
Myctophidae had the greatest mean density at all stations.  Two of 18 samples were 
collected at night did not influence the density of family Myctophidae which is generally 
considered nocturnal.  Exocoetidae exhibited greatest densities in Peripheral Group Two 
and contributed over 30% of the dissimilarity between the other two assemblages.  
Sphyraenidae exhibited the greatest densities for Peripheral Group Two and contributed 
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more than 17% in dissimilarity between Peripheral Group Two and Peripheral Group 
One.   
Table 5 
 
Percent contribution and percent cumulative contribution of each family from similarity 
percentages (SIMPER) analysis.   
 
Assemblage Comparison Family Contribution  Cumulative 
Peripheral Group 1 v.  Transition 
Scombridae 44.3 44.3 
Myctophidae 13.1 57.4 
 
Carangidae 6.8 64.3 
 
Gonostomatidae 5.9 70.2 
 
Istiophoridae 4.9 75.1 
 
Tetraodontidae 4.5 79.7 
 
Sphyraenidae 3.2 83 
 
Coryphaenidae 3 86 
 
Gempylidae 1.7 87.7 
 
Hemiramphidae 1.6 89.4 
  Exocoetidae 1.6 91.1 
Peripheral Group 2 v.  Transition 
Scombridae 31.1 31.1 
Exocoetidae 24 55.1 
 Myctophidae 7.9 63.1 
 Sphyraenidae 7.3 70.4 
 Carangidae 4.8 75.2 
 Istiophoridae 4.6 79.9 
 Hemiramphidae 4.3 84.2 
 Gonostomatidae 2.7 87 
 Tetraodontidae 2.4 89.4 
 Coryphaenidae 2 91.4 
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Table 5 (continued). 
 
Assemblage Comparison Family % Contribution  % Cumulative 
Peripheral Group 1 v. 
Peripheral Group  2 
Exocoetidae 32.1 32.1 
Sphyraenidae 16.9 49 
 
Scombridae 15.9 65 
 
Hemiramphidae 7.3 72.3 
 
Carangidae 6.8 79.2 
 
Myctophidae 4.3 83.6 
 
Istiophoridae 2.9 86.5 
 
Gerreidae 2 88.5 
  Tetraodontidae 2 90.5 
 
Families listed comprised 85% or greater of the cumulative dissimilarity percentage.  Families in bold contributed more than ten 
percent of dissimilarity.   
Table 6 
 
Total, mean, and standard deviation of density (fish/100 m
3
) for the most abundant fish 
families from one meter discrete Tucker trawl collections at each qualitative assemblage 
determined by using nonmetric multidimensional scaling.   
 
Assemblage Family Total Mean SD 
Peripheral Group 1 Myctophidae 199.3 39.9 31.9 
 
Scombridae 167.6 33.5 61.1 
 
Gonostomatidae 47.0 9.4 8.7 
 
Carangidae 31.7 6.3 6.1 
 
Paralichthyidae 15.8 3.2 2.7 
 
Muraenidae 11.8 2.4 5.3 
 
Paralepidae 9.4 1.9 3.3 
 
Gobiidae 5.9 1.2 1.7 
 
Serranidae 5.6 1.1 0.4 
 Scorpaenidae 5.0 1.0 1.0 
 
  
23 
 
 
Table 6 (continued). 
 
Assemblage Family Total Mean SD 
Transition Scombridae 1136.7 103.3 163.5 
 
Myctophidae 421.3 38.3 75.4 
 
Carangidae 183.4 16.7 17.3 
 
Gonostomatidae 138.5 12.6 11.4 
 
Paralichthyidae 51.4 4.7 6.3 
 
Istiophoridae 40.9 3.7 8.2 
 
Coryphaenidae 30.5 2.8 3.7 
 
Scorpaenidae 27.8 2.5 3.4 
 
Holocentridae 21.7 2 3.8 
  Sphyraenidae 21 1.9 2.3 
Peripheral Group 2 Scombridae 206.7 51.7 15 
 
Exocoetidae 164.6 41.1 76.7 
 
Carangidae 97.8 24.5 22.3 
 
Sphyraenidae 29.7 7.4 6.3 
 
Gonostomatidae 17 4.3 5 
 
Myctophidae 16.7 4.2 3.5 
 
Paralichthyidae 11.2 2.8 2.1 
 
Scorpaenidae 11 2.7 2.1 
 
Istiophoridae 9.6 2.4 3.4 
 
Gempylidae 7.7 1.9 2.4 
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Table 7 
 
Percent contribution and percent cumulative contribution of each species from similarity 
percentages (SIMPER) analysis.   
 
Assemblage Comparison Species % Contribution  % Cumulative 
Peripheral Group 1 v.  
Transition 
Auxis rochei 30.5 30.5 
Thunnus albacares 15.9 46.6 
 
Thunnus atlanticus 12.4 58.8 
 
Coryphaena hippurus 9.3 68.2 
 
Auxis thazard 4.5 72.8 
 
Thunnus thynnus 4.6 77.1 
 
Selar crumenophtalamus 3.8 80.9 
 
Coryphaena equisetis 3.1 84.6 
  Decapterus punctatus 2 86.6 
Peripheral Group 2 v.  
Transition 
Auxis rochei 28.5 28.5 
Thunnus albacares 11.5 40.1 
 
Thunnus atlanticus 10.6 50.7 
 
Coryphaena hippurus 8.7 59.5 
 
Thunnus thynnus 6.4 66 
 
Decapterus punctatus 6 72 
 
Selar crumenophtalamus 3.6 75.6 
 
Coryphaena equisetis 3.5 79.1 
 
Euthynnus alletteratus 2.9 82.1 
 
Cubiceps pauciradiatus 2.7 84.4 
 
Auxis thazard 2.5 87.4 
Peripheral Group 1 v.  
Peripheral Group 2 
Auxis rochei 20.9 20.9 
Thunnus albacares 14 35 
Thunnus thynnus 13.8 48.8 
 
Euthynnus alletteratus 12.3 61.1 
 
Cubiceps pauciradiatus 12.2 73.3 
Decapterus punctatus 10.6 83.9 
 
Thunnus atlanticus 10.2 94.1 
 
Note:  Species listed comprised 85% or greater of the cumulative dissimilarity percentage.  Species in bold contribute more than ten 
percent of dissimilarity.  
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Table 8 
 
Mean density (fish/100 m
3)
 for the species at each qualitative assemblage determined by 
using nonmetric multidimensional scaling.   
 
Assemblage Species Total Mean SD 
Peripheral Group 1 Auxis rochei 2.7 1.3 0.8 
 Thunnus atlanticus 2.5 2.5 - 
 Decapterus punctatus 2.2 1.1 1.1 
 Thunnus thynnus 1.0 1.0 - 
 Thunnus albacares 0.9 0.9 - 
 Euthynnus alletteratus 0.6 0.6 - 
 Cubiceps pauciradiatus 0.6 0.6 - 
 Antigonia capros 0.3 0.3 - 
Transition Auxis rochei 655.0 65.5 141.9 
 Thunnus albacares 24.2 6.1 6.9 
 Coryphaena hippurus 18.9 3.1 2.7 
 Thunnus thynnus 11.6 5.8 0.9 
 Thunnus atlanticus 11.1 2.8 2.6 
 Auxis thazard 8.5 2.8 3.8 
 Selar crumenophtalamus 5.8 1.4 0.8 
 Coryphaena equisetis 5.8 1.4 1.2 
 Decapterus punctatus 3.7 1.8 0.9 
 Sphyraena borealis 3.1 3.1 - 
 Prognichthys occidentalis 1.7 0.6 0.3 
 Antigonia capros 1.4 0.7 0.2 
 Katsuwanus pelamis 1.2 0.6 0.3 
 Naucrates ductor 0.8 0.8 - 
 Gempylus serpens 0.7 0.7 - 
 Rachycentron canadum 0.6 0.6 - 
 Xiphias gladias 0.6 0.6 - 
 Exocoetus obtusirostris 0.4 0.4 - 
 Oxyporamphus micropterus 0.3 0.3 - 
 Balistes capriscus 0.2 0.2 - 
 Euthynnus alletteratus 0.2 0.2 - 
Peripheral Group 2 Auxis rochei 6.9 3.5 0.7 
 Thunnus albacares 4.2 2.1 0.0 
 Thunnus atlanticus 3.7 3.7 - 
 Auxis thazard 1.5 1.5 - 
 Thunnus thynnus 0.6 0.6 - 
 Katsuwanus pelamis 0.3 0.3 - 
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Mean diversity, richness, and evenness were not significantly different among the 
three identified assemblages, though the Transition assemblage exhibited the greatest 
variation about the mean relative to the other assemblage groups (Figure 5).  Peripheral 
Group One exhibited narrow range dispersion for each index of diversity, richness, and 
evenness and the lowest mean richness of the three assemblages.   
The conceptual model of the relative densities, significantly dissimilar distribution 
of families, and associated environmental factors in the area of the LCB is illustrated 
using a Venn diagram (Figure 6).  The families Scombridae (particularly A. rochei, Table 
8) and Carangidae (Table 6) were considered to be cosmopolitan families present in all 
assemblages with varying densities.  In contrast, Coryphaenidae was only present in the 
Transition assemblage at low relative abundance (Table 6, Figure 4).  Families 
Istiophoridae, Tetraodontidae, Sphyraenidae, Hemiramphidae, Scorpaenidae, 
Gonostomatidae, Echeneidae, and Exocoetidae had elevated densities in the Transition 
assemblage and Peripheral Group Two (Table 6, Figure 4).  Exocoetidae were present but 
were relatively less dense in Peripheral Group One than the Transition assemblage.  
Myctophidae exhibited greater densities in Peripheral Group One.  Peripheral Group One 
was associated with elevated concentrations of chlorophyll a and increased current 
velocity.  The Transition assemblage and Peripheral Group Two were associated with 
increased SST.    
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Figure 5.  Box plots of A.) the Shannon-Wiener diversity index, B.) richness, C.) and 
Pielou’s evenness at each qualitative MDS assemblage:  peripheral group 1 (n = 5) , 
Transition (n = 10), peripheral group 2 (n = 5).  Rectangles contain 50 percent of all the 
values and the plot extends to the smallest and largest value of the range.   
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Figure 6.  Conceptual model of the Loop Current Boundary ecotone.  Each assemblage is represented by a circle of the Venn-diagram.  
The left circle represents Peripheral Group One, the middle circle the Transition assemblage, and the right circle represents Peripheral 
Group 2.  The shared space in the middle of assemblages represents the LCB ecotone and color represents each assemblage and its 
interaction except the upper portion of the Transition assemblage which does not share the other assemblage space.  Families 
highlighted in the similarity percentages (SIMPER) analysis.   
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Discussion 
In this study, I identified and characterized three pelagic assemblages of 
ichthyoplankton that were associated with different geographic regions of the LCB in the 
GOM using multivariate methods to detect and analyze assemblage structure.  The 
ichthyoplankton analysis presented here indicates that the LCB is an area of change 
between adjacent ichthyoplankton communities. The LCB is an ecotone that is a 
combination of the two peripheral assemblages.  This study identified a suite of fish taxa 
that contributed to the significant dissimilarity between each assemblage as well as the 
identification of some taxa that exhibited relatively cosmopolitan distributions.  I found 
that the environmental conditions consistent with the LCB are likely a combination of 
two contributing water masses, most likely from the GOM and Caribbean Sea.   
Because of the dynamic nature of the LCB, it was expected that the current 
boundary area would be characterized by increased organismal diversity and richness 
(Clark and Gilbert 1982).  Rathmell (2007) and Richards et al. (1993) reported that the 
transition habitat in the LCB was characterized by slight changes in temperature and 
salinity.  Although the magnitude of difference in sea surface temperature observed in 
this study were relatively small (26 °C to 30 °C  SST), they likely influence the presence 
of ichthyoplankton by determining, in part, individual growth and survival (Levin 1991, 
Baltz et al. 1998).  Growth and survival are also partially determined by the availability 
of feeding opportunities (Kingsford 1990, Bakun 2006).  One of the characteristics of the 
LCB is the increase in primary and secondary production that occurs in the region, which 
could lead to increased feeding opportunities (Biggs and Ressler 2001, Belkin et al. 
2009).  I observed that the Transition assemblage was unique in terms of its familial 
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composition – the relative density of Scombridae, Carangidae, Coryphaenidae, 
Istiophoridae, and Tetraodontidae were an intermediate combination of those family 
densities in the peripheral assemblages.   
The community composition of the LCB and peripheral regions are associated 
with differences in abiotic conditions.  Peripheral Group One was characterized by taxa 
Myctophidae and increased chlorophyll a concentration and current velocity.  Increased 
concentration of chlorophyll a and current velocity suggested the presence of a frontal 
boundary and water influenced by the GOM (Kingsford 1990, Richards et al. 1993).  
Myctophidae have been characterized as a member of the ‘oceanic’ assemblage by 
Richards et al. (1993) because Myctophidae is generally associated with deep water but 
family Myctophidae may also be influenced by productivity of the LCB.  The 
productivity of the LCB is able to support higher densities of Myctophidae, and the 
presence of this family may demonstrate the relative increase in productivity of the LCB 
compared to that of the open ocean (Nelson 1994a, Muhling et al. 2012).   
Peripheral Group Two was characterized by the unique composition of several 
taxa and was associated with increased temperature.  Increased temperature and reduced 
chlorophyll a concentration levels are consistent with water originating from the 
Caribbean Sea (Sturges 1965, Alvera-Azcárate et al. 2009).  The dominant taxa in 
Peripheral Group Two are Exocoetidae, Gemylidae, Hemiramphidae, Scorpaenidae, 
Sphyraenidae, and Tetraodontidae.  Adults and larvae of these families reside in 
Caribbean waters and have a tropical distributions and affinities (Nakamura and Parin 
1993, Nelson 1994c, b).   
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Two peripheral assemblages surrounded the Transition assemblage and was 
comprised of families from both assemblages.  The dominant taxa in the Transition 
assemblage were Scombridae, Myctophidae, and Carangidae. Individuals in the family 
Coryphaenidae were only found in the Transition assemblage.  Carangidae and 
Scombridae in the Transition assemblage are members of the ‘frontal’ assemblage 
(Richards et al. 1993).  The composition of the Transition assemblage is intermediate to 
the Peripheral assemblages because it shares families Myctophidae with Peripheral Group 
One and the families Echenidae, Exocoetidae, Istiophoridae, Scorpanidae, Sphyraenidae 
with Peripheral Group Two.  Grothues and Cowen (1999) reported a widely varied 
Transition assemblage in the Gulf Stream which included families Clupeidae, Triglidae, 
and Synodontidae.  The work of Richardson et al. (2010) and Grothues and Cowen 
(1999) reinforce the premise that the Transition assemblage is a region of intermediate 
community composition between two peripheral communities.  In this study, the 
Transition assemblage shares some of the same environmental qualities of Peripheral 
Group Two, and serves to extend the range of distribution for families in Peripheral 
Group Two.   
The familial compositions of the LCB assemblages were affected by the different 
environmental conditions between GOM and Caribbean waters.  The LC meanders and 
exhibits large variability in its spatial and temporal extent.  Despite the variability of the 
LCB, the environment within the LCB is relatively homogenous over a small scale, 
environmental variations are small for parameters of chlorophyll a, current velocity, and 
temperature (Richards et al. 1989, Bakun and Csirke 1998).  The relatively homogenous 
environment could maintain the assemblage structure over the geographic space of each 
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transect sampled.  The observed diversity and richness of families of the Transition 
assemblage and the variation in chlorophyll a, current velocity, and temperature indicated 
that those organisms demonstrate a wide tolerance and use the available microhabitats 
(Richards et al. 1993, Baltz et al. 1998, Bakun 2006, Lopez et al. 2010, Lindo-Atichati et 
al. 2012).   
Families that composed the assemblages of the LCB were similar to both 
peripheral assemblages.  Istiophoridae are reported to spawn within a narrow range of 
temperatures and salinities from May to September (Brown-Peterson et al. 2008b, Simms 
et al. 2010, Kraus et al. 2011).  Relative changes in density of Istiophoridae, present in 
the Transition assemblage and Peripheral Group Two, contributed to the small portion of 
dissimilarity between each assemblage.  Similar to family Istiophoridae, Coryphaenidae 
are distributed tropically and spawn in the early spring and summer (Palko et al. 1982) 
but were only present in the Transition assemblage and are recognized as a unique 
Transition assemblage family in this study.  Lindo-Atichati et al. (2012) recognized that 
Coryphaenidae were found primarily near a frontal boundary which suggests that 
Coryphaenidae prefer the unique environment at the boundary (Curtis 1959, Odum 1971, 
Lindo-Atichati et al. 2012).  Conversely, Scombridae and Carangidae were tolerant of 
changes in SST and were distributed across all assemblages and are considered 
cosmopolitan assemblage members, although their relative densities varied.  The families 
Scombridae and Carangidae were the largest contributors to differences in similarity.  
Within the family Scombridae, the species, A. rochei, Thunnus albacares, and T. 
atlanticus accounted for the largest differences in assemblage contribution (Richardson et 
al. 2010).   
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Abiotic conditions are important in the early life-history phases of larval fishes 
and serve to influence their spatial distribution (Lasker 1975, Kingsford 1990, Bakun and 
Csirke 1998).  Understanding the influence of abiotic covariates, such as SST and 
chlorophyll a concentration, on relative abundance has implications for understanding 
recruitment success and inter-annual population dynamics (Roughgarden et al. 1988, 
Blanchette et al. 2006).  Espinosa-Fuentes and Flores-Coto (2004) noted that wind, 
temperature, and currents affect assemblage composition at fronts and speculated that 
combined biotic and abiotic conditions influence larval survival and recruitment.  Teo et 
al. (2007) reported that slight increases in temperature is a key factor in determining 
assemblage composition of Scombridae and Carangidae.  The large variation in the 
Transition assemblage indicates that families Scombridae and Carangidae are tolerant of 
a range of abiotic conditions.   
Traditionally the term ecotone has been applied to terrestrial environments. The 
LCB provides a transition from the GOM water mass to the Caribbean water mass 
(Sturges and Evans 1983).  Because the LCB does not exhibit a distinct boundary over a 
small distance, the transition area between water masses of the GOM, LC, and Caribbean 
Sea is difficult to determine (McKelvie 1985, Muhling et al. 2012).  Because of the 
meandering quality of the LCB, the term ecotone needs to be modified to account for the 
variable nature of the LCB.  The LC varies in location spatially and seasonally in the 
GOM; however, two assemblages from either water mass mixing at a transition area, the 
LCB, are present despite the spatial flux.  To term the LCB as a “transient ecotone” 
implies the LCB has the qualities of an ecotone and is an area of constant flux.   
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Future efforts to refine the identified assemblages and designated LCB zones in 
the ecotone should focus on taking collections along longer transects across the boundary 
with adequate replication and consistent gear type collections.  The environmental 
changes across the LCB were slight, which made the assignment of a priori zones 
difficult.  I made use of post hoc remote sensing data to determine which water mass was 
associated with the station of a transect in reference to the LC, and then XBT/CTD was 
used to determine the LCB in situ.  I found poor correlation with the HYCOM modeled 
data and satellite data for temperature at 100 m.  Using sea surface height, similar to 
methods used by Lindo-Atichati et al. (2013), would be useful to identify the LCB 
instead of temperature alone.  Gear types used to make collections should be 
implemented consistently over the entire course of sampling. 
MDS is used regularly to describe community assemblages and detect 
environmental gradients. Cluster analysis is often used in addition to MDS to identify 
natural groups; however, cluster analysis uses a different method to identify groups from 
the same dataset.  Using the cluster analysis and MDS together can help support the 
findings of each (McKelvie 1985, McCune and Grace 2002).  Since there could be 
discrepancies between the results of the natural groups from the two analysis, assessing 
the similarities will likely result in a conclusion that is more representative of the data 
and provide further insight as to which samples are unique (McKelvie 1985).  Analysis of 
similarity was used to determine if those groups identified by the cluster and MDS 
analysis were significantly dissimilar; however, results could be misleading if there is a 
low R value and significant p value (Anderson and Walsh. 2013).  The results of the 
ANOSIM from this study was a high R value, significant p value, and lower than 
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expected chance of a high R value; so these results were considered appropriate for 
interpretation (Clarke and Ainsworth 1993, Anderson and Walsh. 2013).  Using 
traditional indices such as diversity and evenness are limited, relative to the multivariate 
analytical tools.  The calculation of indices of diversity, richness, and evenness serve to 
condense information, conversely MDS expands upon existing patterns (Clarke and 
Warwick 2001, Legendre et al. 2005).   
The blending of two water bodies of the GOM and Caribbean Sea forms a 
Transition area.  The small variation in abiotic conditions of chlorophyll a, current 
velocity, and temperature of the LCB could allow for an increased chance of survival for 
many species of ichthyoplankton (Lasker 1975, Kingsford 1990, Teo et al. 2007).  This 
study examined the LCB on a fine-scale and found a highly complex community 
composition and structure.  The scale used to examine an ecosystem determines if an 
ecosystem is an ecotone or an ecocline (Daly and Smith 1993, Gosz 1993, Smith et al. 
1997).  Lindo-Atichati et al. (2012) described the LC as a boundary community that is 
well-defined on a coarse scale.  If using a coarse-scale, the LCB can be well-defined 
using sea surface height (Lindo-Atichati et al. 2012, Lindo-Atichati et al. 2013).  
However, this study examined the LCB and adjacent waters, and ichthyoplankton based 
on collections taken along a transect using a fine-scale (less than 2 km), and found a 
widely varied or heterogeneous Transition assemblage surrounded by two assemblages. 
The LCB is a geographically dynamic region that supports a widely varied Transition 
assemblage (van der Maarel 1990, Baltz et al. 1998) because it is comprised of two 
assemblages influenced by two different water masses which describes a transient marine 
ecotone.    
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CHAPTER II 
SARGASSUM ICHTHYOPLANKTON COMMUNITY ANALYSIS 
Introduction 
The presence of physical structure in marine environments is of interest to the 
fishing community, fisheries professionals, and ecologists because structure is known to 
aggregate fishes (Dempster 2005, Thiel and Gutow 2005).  Whether structure promotes 
aggregation of fishes because they have an affinity to structure (Castro 2001) or because 
habitat is limiting (Thiel and Gutow 2005) is the focus of much debate (Bohnsack 1989).  
One of the most prominent fish aggregating habitats in the epipelagic regions of the Gulf 
of Mexico (GOM), the Caribbean Sea, and the Sargasso Sea is Sargassum, floating mats 
of the brown algae, composed of Sargassum natans and S. fluitans (Fine 1970, Dooley 
1972), which I will refer to as Sargassum.  Sargassum exhibits pronounced temporal and 
spatial variability (Gower and King 2008).  The biomass and spatial dynamics of 
Sargassum in the GOM could be dependent upon the northward extension of the Loop 
Current into the GOM and the formation of complex and temporally-dynamic Loop 
Current eddies (Dooley 1972, Moser et al. 1998, Gower et al. 2006).  The dynamic aspect 
of the habitat, in space and time, could have profound consequences for the resident and 
transient fish fauna that use the habitat. 
Sargassum was designated as Essential Fish Habitat (EFH) by the South Atlantic 
Marine Fisheries Council because of the observed role as fish aggregators.  Relatively 
high densities of larval, juvenile, and adult fishes are found in Sargassum, suggesting 
there is the potential for Sargassum to act as a “nursery” for fishes, particularly for 
migratory pelagic fishes (SAFMC 2002).  A nursery is a habitat that supports a larger 
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proportion of successful recruits to the adult population relative to other habitats (Beck et 
al. 2001).  Nursery habitats promote increased larval and juvenile growth and recruitment 
to the adult populations, through the provisioning of resources and reduction in mortality, 
relative to other, less-optimal habitats (Beck et al. 2001).  Dooley (1972) and Rooker et 
al. (2006) speculated that Sargassum provided shelter from predators and increased 
chances to encounter prey for larval and juvenile fishes, thus fulfilling a nursery function 
(Beck et al. 2001).  The relatively high abundance and diversity of larval and juvenile 
fishes found in Sargassum indicate there could be benefits to fishes associating with 
Sargassum, though these benefits likely differ among taxa and life stages (Coston-
Clements et al. 1991, Comyns et al. 2002).  Exocoetidae associate with Sargassum 
throughout their lives; adults lay their eggs in Sargassum and juveniles rely on it for 
shelter (Gudger 1937, Dooley 1972).  Several fish species, such as jacks, tripletail, and 
tunas associate with Sargassum mats because of their attraction to floating debris 
(Hoffmayer et al. 2005, Thiel and Gutow 2005) and the increased prey availability 
(Casazza and Ross 2008).   
The abundance and diversity of ichthyoplankton around Sargassum could partly 
be determined by the physical characteristics of the mat.  Morphology and size of the 
Sargassum habitat is variable (Moser et al. 1998).  The shape and complexity of the 
floating habitat is variable as it is altered by storms, winds, and currents (Moser et al. 
1998) that act at multiple temporal scales and alter the size of mats.  Island biogeography 
theory (MacArthur and Wilson 1967) suggests that the maximum abundance of 
organisms is limited by the absolute size of the habitat.  Moser et al. (1998) and Bortone 
et al. (1977) reported greater diversity of fishes at Sargassum mats than in relatively 
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smaller Sargassum “clumps”.  There are challenges in understanding how Sargassum 
influences diversity and abundance of fishes.  The first is understanding the temporal 
stability of different Sargassum morphologies and how the relative size of the habitat 
affects diversity and abundance of those fishes.   
The taxonomic membership of the Sargassum community in the Atlantic and 
GOM has been described by Dooley (1972) and others (Bortone et al. 1977, Wells and 
Rooker 2004), but some gaps in understanding the community patterns still exist.  The 
ichthyofauna associated with floating Sargassum is diverse and members of 23 fish 
families have been found in Sargassum collections, including Attennariidae (frogfishes), 
Exocoetidae (flyingfishes), Carangidae (jacks), Clupeidae (shads), Gerridae (mojarras), 
Mugilidae (mullet), Scombridae (tunas), Balistidae (triggerfishes), and Monocanthidae 
(filefishes) (Dooley 1972, Bortone et al. 1977).  One limitation of previous studies is to 
address the direction and bias that different sampling methods have in collecting 
Sargassum-associated fishes.  Several studies have noted that gear selectivity contributes 
to an ambiguous understanding of the associated fishes of the Sargassum community 
(Moser et al. 1998, Wells and Rooker 2004, Casazza and Ross 2008).  For example, 
Hoffmayer et al. (2005) speculated that sea chubs and jacks were observed at lower than 
expected densities and were likely under-sampled.  Wells and Rooker (2003) noted that 
the size range of larval and juvenile fishes in their samples were determined, in part, by 
the gear used during sampling.  Choat et al. (1993)compared sampling gear include the 
bongo and neuston net samples on the Great Barrier Reef and determined that the bongo 
net collected the most families and the largest size range of larval fishes but also that the 
neuston, bongo, and seine nets generally sampled the same size ranges of larvae.   
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To address some of the gaps in understanding how sampling and habitat 
influences the community composition of associated Sargassum ichthyoplankton, I 
examined data from a three year study performed in the northern Gulf of Mexico.  I used 
these data to characterize the community composition from different morphologies of 
Sargassum habitat.  I also examined how the choice of sampling gear influences our 
understanding of the ichthyoplankton community composition of Sargassum.   
Methods 
Ichthyoplankton were sampled around Sargassum habitat in the north central 
GOM (28 °N to 29.5 °N and longitude -88.0 °W to -89.5 °W, Figure 7).  Sampling 
occurred primary in the late spring and summer (May through August 2002, July 2003, 
and June through August 2004) using bongo and neuston nets.  The location of sampling 
stations was determined by opportunistically identifying the presence of Sargassum using 
aerial surveys, reported sightings, and chance encounters.  Sargassum habitat 
morphology was characterized by its observed shape at sea and was classified as either a 
“mat” or a “windrow”.  A “mat” is generally solid field of Sargassum.  A “windrow” is a 
continuous line of Sargassum.  A third habitat type, open water, was also sampled.  At 
each station the Sargassum morphology was characterized and a suite of in situ data were 
collected.  In situ data included sea surface temperature (SST, °C), salinity (ppt), 
dissolved oxygen concentration (mg/L), wind speed (m/s), wind direction, and water 
depth.   
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Figure 7.  Location of samples collected between May 2002 to August 2002, July 2003, 
and June and August 2004.  The open circles represent mats, and open squares represent 
windrows.   
 
Ichthyoplankton were sampled at stations using neuston and bongo nets (Table 9).  
The neuston net is 4 m in length with 0.505 mm mesh and is attached to a 1 m by 2 m 
frame that was towed half in and half out of the water.  The bongo net has a circular 
diameter, a 0.333 mm mesh net, and a flow meter and was towed near the surface of the 
water.  Both gears were towed parallel within 5 m of the Sargassum habitat for ten 
minutes at two knots.  The volume of water sampled by the neuston net was determined 
as the distance (speed of the boat and time that the net was towed) and the area of the net 
opening in the water (2 m
2
 x 1/2).  The volume of water (m
3
) sampled by the bongo net 
was determined using a calibrated flow meter attached to the net.  Following net 
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deployment, all fishes at each station were preserved in 95% ethanol and were identified 
to the family level.  A subset of individuals in 17 families were identified the species 
level.  Individuals in the families Antennaridae, Balistidae, Carangidae, Coryphaenidae, 
Clupeidae, Engraulidae, Exocoetidae, Gempylidae, Lobotidae, Monocanthidae, 
Nomeidae, Paralichidae, Pomacentridae, Scombridae, Sphyraenidae, and Syngnathidae 
were identified to the the species level because of the relative ease of identification and 
high economic and ecological interest.  Individuals were collected and measured in 
standard length with the majority either larvae or early juveniles measuring less than 10 
mm (Table 10).  In this study, I refer to the larval and juvenile fishes as ichthyoplankton.   
Table 9   
Gear-specific temporal allocation of ichthyoplankton samples taken at Sargassum 
habitats during 2002 to 2004.   
 
Year Gear Morphology n gear-specific annual total 
2002 bongo mat 3 7 
  
windrow 4 
 
 
neuston mat 7 23 
    windrow 16   
2003 bongo mat 0 2 
  
windrow 2 
 
 
neuston mat 0 4 
    windrow 4   
2004 bongo mats 4 12 
  
windrow 8 
 
 
neuston mat 3 11 
  
windrow 8 
 
 
Note:  A combined total of 61 bongo and neuston nets were sampled between 2002 to 2004 of which 21 bongo net samples and 38 
neuston net samples were collected.   
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Table 10 
 
Mean, standard deviation, minimum, and maximum of ichthyoplankton lengths (mm) for 
each species for each specimen (n) measured.   
 
Family Species n Mean SD Min Max 
Balistidae Balistes capriscus 66 24.2 27.9 4.3 127.5 
 
Canthidermis maculata 5 24.6 32.6 5.9 82.4 
 
Canthidermis sufflamen 2 6.6 0.1 6.5 6.6 
Carangidae Caranx crysos 66 14.9 12.8 1.7 51.3 
 
Caranx spp. 170 3.8 1 1.8 6.5 
 
Chloroscombrus chrysurus 3 5.3 0.8 4.4 6 
 
Elagatus bipinnulata 11 12.2 7 7.9 33 
 
Selar crumenophthalmus 5 12.9 4.4 5.1 15.6 
 
Seriola dumerili 2 14.1 0.4 13.8 14.4 
 
Seriola spp. 22 5.6 3.1 2.8 13.8 
 
Trachurus carolinus 1 9.6 - 9.6 9.6 
 
Trachurus lathami 2 3.9 1.5 2.8 4.9 
Coryphaenidae Coryphaena equisetis 2 12.9 7.4 7.6 18.1 
 
Coryphaena hippurus 19 15.7 10.1 2.5 35.9 
Exocoetidae Cheilopogon exsiliens 98 4.9 2 1.5 13.1 
 
Cheilopogon furcatus 64 4.6 1.6 3.3 13.3 
 
Cheilopogon melanurus 1 20 - 20 20 
 
Exocoetus obtusirostris 33 5 1.7 2.5 12.1 
 
Hirundichthys affinis 78 5.3 1.2 3 10.9 
 
Oxyporhamphus micropterus 46 7.1 3 3.3 20.6 
 
Parexocoetus brachypterus 35 5.5 1.2 3.9 9.1 
 
Prognichthys occidentalis 259 4.5 2.6 1.4 16.3 
Lobotidae Lobotes surinamensis 55 8.2 2 5.5 14.6 
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Table 10 (continued). 
 
Family Species n Mean SD Min Max 
Scombridae Auxis rochei 4 4.8 3.1 2.7 9.3 
 
Auxis thazard 2 4.5 0.4 4.2 4.7 
 
Euthynnus alletteratus 8 5.4 1.9 3 8.9 
 
Katsuwansu pelamis 2 3.5 0.4 3.2 3.8 
 
Scomberomorus sp. 5 4.1 0.4 3.6 4.6 
 
Thunnus albacares 7 4.1 0.9 3.3 5.5 
 
Thunnus atlanticus 8 4.4 0.9 3.1 5.8 
 
Thunnus spp. 19 4.6 0.9 3.4 6.3 
Sphyraenidae Sphyraena barracuda 10 10.5 3.8 4.5 18.1 
 
Sphyraena spp. 3 8.2 7.9 3.6 17.4 
 
Note:  The first 50 of each species identified for each sample were measured but lengths were not measured for each specimen and 
sample collected.   
Prior to undertaking statistical analyses, I performed quality control to reconcile 
missing data, compared the fidelity of electronic and written records, and ensured that 
salinity, temperature, wind speed, and direction data were available for each sample taken 
in the field.  I standardized all station-specific taxonomic abundance data to density 
(number of individuals per cubic meter) and then transformed using log10(1 + 
densityfamily,station).  A community resemblance matrix was created from the transformed 
family density data for ordination using Bray-Curtis similarity.  The Bray-Curtis 
similarity method determines the proportion of overlap between samples j and k (sj,k), or 
equivalently, the shared density divided by the total density and is calculated as:   
     = 100    
          
 
   
    
 
   
     
 . 
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In the above equation, between samples j and k, where ith columns of families and jth 
rows of samples     is the density of the ith family from the kth sample, and     is the 
density of the ith family from the jth sample (Clarke and Gorley 2006).   
I used nonmetric multidimensional scaling (MDS) to describe the dissimilarity 
among family-specific ichthyoplankton densities of each station.  Nonmetric 
multidimensional scaling ordination is based on a dissimilarity matrix, using Bray-Curtis 
similarity.  All multivariate techniques were analyzed using the software Primer6.  I used 
MDS to describe the dissimilarity among family-specific ichthyoplankton densities of 
each station.  The results of the MDS are validated using Kruskal’s stress and Monte 
Carlo randomization algorithm (Clarke 1993, McCune and Grace 2002).  Stress is 
determined by comparing the non-metric fit from the sum of squared differences from the 
ordination distance with the outcome from the regression distances.  Nonmetric 
multidimensional scaling ordination was repeated 250 times until global minimum stress 
and dimensionality were minimized.  The Monte Carlo randomization was used to 
determine the best solution with the lowest dimension that has the most significant 
reduction in stress than was expected by chance (Kruskal 1964a, b, Clarke 1993).   
I used a similarity profile (SIMPROF) test, a form of hierarchical clustering 
method to group stations in ordination space.  Hierarchical clustering methods are used to 
determine cohesive groups of stations that have similar taxonomic composition.  
SIMPROF is a permutation test to cluster stations a priori in statistically significant 
groups.  SIMPROF is calculated using ranked Bray-Curtis similarities (observed) and 
then compares those ranks with permutations of the family density data (expected).  The 
π statistic is used to determine the difference between the observed and expected profile 
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and is calculated using the sum of absolute differences and repeated 999 times.  
SIMPROF is calculated for each branch of the cluster analysis to determine if the cluster 
is significantly different using the π value; if the π value is greater than the expected, then 
the grouping is considered significant (p < 0.1) (Clarke and Gorley 2006).   
I used the “BEST” procedure (BIO-ENV/BVSTEP) to determine which 
environmental data had power to describe the observed similarities and dissimilarities in 
the family-specific density composition (Clarke and Ainsworth 1993).  The multivariate 
analysis used the community resemblance matrix using Bray-Curtis similarity and a 
Principle Components Analysis (PCA) matrix of environmental variables (Appendix B).  
The BEST procedure is used to find the optimal matching variables using Spearman 
correlation between the assemblage pattern of the resemblance matrix and the linked 
environmental PCA matrix to best explain the biotic patterns.   
Two different post hoc analyses were used to understand the observed differences 
among qualitatively-identified group compositions.  The first analysis, “analysis of 
similarity” (ANOSIM), is used to rank similarities pairwise and enables the identification 
of groups.  The second post hoc analysis that I performed was “similarity percentages” 
(SIMPER) which was conducted at two taxonomic levels of family and species.  
SIMPER analysis uses the Bray-Curtis similarity measurement to rank the dissimilarities 
of groups (Clarke and Warwick 2001).  I performed SIMPER to determine which 
families composed the majority of the dissimilarity percentage for each MDS assemblage 
and then for 25 identified species of those families.   
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Diversity, richness, and evenness indices were used to describe ecological 
community composition (Legendre et al. 2005, Molles 2012) in each assemblage.  The 
Shannon-Wiener Index was used to describe alpha diversity (Shannon 1948):   
             
 
   
  
In the above formation,    is the proportion of the i
th
 family in the sample.  Alpha 
diversity is used to describe the community structure and the complexity of the number of 
families in a sample (Sepkoski 1988).  Family richness (S), is the number of unique 
families in each sample.  Pielou’s evenness (J) describes the structure of the community 
and uses the family richness value, S (Pielou 1969):   
    
  
     
. 
Pielou’s evenness index ranges between zero and one:  zero represents complete 
unevenness in that the sample is composed of only a few species in relatively high 
abundance, and one indicates that the sample has all species in equal abundance.   
Results 
Overall, 19,237 larval and juvenile fishes from 37 families were collected and 
analyzed for community analysis.  A total of 59 neuston and bongo net samples were 
collected along Sargassum during May through August from 2002, July 2003, and June 
through August 2004 (Table 10).  Of those, 17,697 individuals (92.0 %) were identified 
to the taxonomic level of family, and 4,396 individuals (22.8 %) were identified to the 
taxonomic level of species.  Of the families collected, Carangidae (jacks) had the greatest 
relative density followed by Sphyraenidae (barracudas), Scombridae (tunas), Clupediae 
(herrings), and Exocoetidae (flying-fishes), (Table 11).   
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Table 11   
Total individual density, mean, and standard deviation of family-specific fish density 
(fish/100 m
3
) for the most abundant families collected for each gear type at Sargassum.   
 
 
Neuston Bongo 
Family Total Mean ± SD Total Mean ± SD 
Balistidae 10.5 0.7 1 - - - 
Blennidae 3.1 1 0.9 - - - 
Carangidae 126.2 3.7 6.5 6437 338.8 681.4 
Clupeidae 183.8 46 88.5 - - - 
Exocoetidae 134 3.5 4.9 63.7 6.4 11.4 
Gerreidae 73.2 24.4 37.1 39 7.8 10.6 
Gonostomatidae - - - 41.1 8.2 10 
Kyphosidae 17.8 1.8 3.7 - - - 
Lutjanidae - - - 59 29.5 13 
Mugilidae 67 8.4 13.9 - - - 
Myctophidae - - - 39 7.8 7.4 
Scombridae 65.4 2.4 9.1 656 29.8 45.7 
Sphyraenidae - - - 264 52.8 75.8 
 
Both nets were sampling different portions of the ichthyoplankton assemblage.  I 
identified two distinct gear-specific ichthyoplankton assemblages using MDS analysis 
that resulted in a two-dimensional solution (MDS Stress: 0.14, Table 11, Figure 8).  I 
used SIMPROF to determine that groups were significantly clustered at 40% similarity 
and that the categories of gear, Julian date, and year had the most explanatory power to 
describe the variation in the community patterns (BEST: global R = 0.399).  The 
identified gear-specific assemblages were significantly dissimilar (one-way ANOSIM 
global R = 0.414, p < 0.01).  Individuals in the families Gonostomatidae (bristle-mouths), 
Lutjanidae (snappers), Myctophidae (lantern-fishes), and Sphyraenidae (barracudas) were 
typically collected by the bongo net (Table 11).  Individuals of the families Balistidae 
(triggerfishes), Blennidae (blennies), Clupeidae, Mugilidae (mullets), and Kyphoside (sea 
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chubs) were typically collected by the neuston net.  The relative densities of the families 
Carangidae, Exocoetidae, Scombridae, Clupediae, Sphyraenidae, Balistidae, and 
Mugilidae had the greatest contribution in pairwise dissimilarity between the two 
assemblages (Table 12).  Flying-fish species Prognichthys occidentalis, Hirundichthys 
affinis, Cheilopogon exsiliens, Oxyporamphus micropterus, and Parexocoetus 
brachypterus were the largest contributors to the differences within Exocoetidae between 
the assembelages (Table 13).  Carangidae species Caranx crysos and Selar 
crumenophthalmus were the largest contributions to the differences within Carangidae.  
Scombridae species Thunnus albacares, Auxis rochei, Euthynnus alletteratus, T. 
atlanticus, and A. thazard were the greatest contributers to the differences within 
Scombridae.  In family Balistidae, species Balistes capriscus and Canthidermis maculata 
also contributed to the differences between the bongo or neuston net assemblages.  
However, gear-specific mean family diversity, richness, and evenness were not 
significantly different (Figure 9, (ANOVA F = 2.1, F = 0.3, F = 3.8 , p > 0.05).    
49 
 
 
Table 12   
Percent contribution and percent cumulative contribution of each family using SIMPER 
(similarity percentages) analysis to determine differences in community composition 
between neuston and bongo net samples.   
Species Contribution Cumulative  
Carangidae 46.8 46.8 
Exocoetidae 18.4 65.2 
Scombridae 16.5 81.7 
Clupeidae 2.7 84.5 
Sphyraenidae 2.7 87.2 
Balistidae 1.9 89.1 
Mugilidae 1.7 90.9 
 
Note:  Families are listed that make up 85% or greater of the cumulative dissimilarity percentage, those in bold contribute more than 
ten percent of dissimilarity.   
Table 13   
Percent contribution and percent cumulative contribution of each species using SIMPER 
(similarity percentages) analysis to determine differences in community composition 
between neuston and bongo net samples.   
Family Species Contribution Cumulative 
Scombridae Thunnus albacares 24.66 24.66 
 
Auxis rochei 14.79 39.45 
Exocoetidae Prognichthys occidentalis 9.37 48.83 
Scombridae Euthynnus alletteratus 7.69 56.52 
 
Thunnus atlanticus 7.07 63.59 
 
Auxis thazard 6.25 69.84 
Carangidae Caranx crysos 3.68 73.51 
Balistidae Balistes capriscus 2.41 75.92 
Exocoetidae Hirundichthys affinis 2.19 78.11 
Mugilidae Mugil curema 2.05 80.16 
Exocoetidae Cheilopogon exsiliens 1.75 81.91 
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Table 13 (continued).   
Family Species Contribution Cumulative 
Balistidae Canthidermis maculata 1.68 83.59 
 
Oxyporhamphus micropterus 1.63 85.22 
Carangidae Selar crumenophthalmus 1.62 86.84 
Coryphaenidae Coryphaena hippurus 1.37 88.21 
Lobotidae Lobotes surinamensis 1.31 89.52 
Exocoetidae Parexocoetus brachypterus 1.28 90.8 
 
Note:  Species are listed that make up 85% or greater of the cumulative dissimilarity percentage, those in bold contribute more than 
ten percent of dissimilarity.   
 
Figure 8.  Nonmetric multidimensional scaling plot (stress = 0.14).  Groups were 
clustered using similarity percentage (SIMPROF) at 40% similarity.  Circles are neuston 
net samples, and triangles are bongo net samples where each cluster is represented by a 
different shade of either white, gray, or black for each symbol.   
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Figure 9.  Box plots of A.) the Shannon-Wiener diversity index (Hʹ), B.) richness, C.) and 
Pielou’s evenness (J) at each gear type:  bongo net (n = 22) and neuston net (n = 39).  
Rectangles contain 50 percent of all the values and the plot extends to the smallest and 
largest value of the range.   
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No morphology-specific assemblages were identified for the associated 
Sargassum community that were sampled using the neuston net (the more numerous 
collections), and Sargassum community structure indices Shannon-Weiner diversity, 
richness, and Pielou’s eveness were not significantly different among the three habitat 
types (Figure 10, ANOVA F = 0.7, F = 0.9, F = 0.8 , p > 0.05).  The habitat-specific 
MDS analysis resulted in a two-dimensional solution, and the morphology of the 
Sargassum did not influence the community structure (Figure 11, MDS:  Stress = 0.15).  
However, a temporal trend in community structure was detected.  The results from the 
BEST procedure suggested that the Julian date of sampling did explain the observed 
variation in the biotic patterns (BEST: global R = 0.399).  I identified four temporal 
assemblages using MDS analysis of neuston net samples of Sargassum windrows, 
resulting in a two-dimensional solution with a stress value of 0.14 (Figure 12).  I used 
SIMPROF to determine that groups on the MDS plot were significantly clustered at 40 
percent similarity (Figure 13).   
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Figure 10.  Box plots of A.) the Shannon-Wiener diversity index (Hʹ), B.) richness, C.) 
and Pielou’s evenness (J) at each Sargassum morphology type:  Mats (n = 17), windrows 
(n = 42).  Rectangles contain 50 percent of all the values and the plot extends to the 
smallest and largest value of the range.   
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Figure 11.  Nonmetric multidimensional scaling plot (stress = 0.15).  Neuston net 
samples are represented by the morphology of the Sargassum patch sampled.  Open 
circles are windrows and open squares are mats.   
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Figure 12.  Nonmetric multidimensional scaling plot (stress = 0.14).  Squares were 
sampled in 2002 and white squares represent samples taken on day 136 (May), light grey 
squares day 171 (June), and dark gray day 191 (July), and black squares days 234 
through 235 (August).  Triangles were sampled in June 2003 days 190 through 191, 
Circles were sampled in 2004 and white circles were sampled on days181 through 182 
(June), and black circles day 234 (August).   
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Figure 13.  Nonmetric multidimensional scaling plot (stress = 0.14).  Squares were 
sampled in 2002 and white squares represent samples taken on day 136 (May), light grey 
squares day 171 (June), and dark gray day 191 (July), and black squares days 234 
through 235 (August).  Triangles were sampled in June 2003 days 190 through 191, 
Circles were sampled in 2004 and white circles were sampled on days181 through 182 
(June), and black circles day 234 (August).  Groups were clustered using 40 percent 
similarity using similary profile (SIMPROF).  Each line illustrates a significantly 
branched cluster using SIMPROF.   
 
Each of the four identified community assemblages was significantly dissimilar, 
and the family compositions in each of these recognized assemblages varied (ANOSIM R 
= 0.571, p < 0.01, Table 14).  A temporal trend was identified by examining the contrast 
in the relative densities of members of families Balistidae, Carangidae, Coryphaenidae, 
Exocoetidae, Hemiramphidae, Kyphosidae, Mugilidae, and Scombridae.  Scombridae 
were most dense in May and June 2002, July 2003, and June and August 2004 (Figure 
14A, Appendix D).  All Scombridae collected were under 10 mm and averaged 4 mm in 
length so the majority that were collected were larvae (Table 9, Table 15).  Thunnus 
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albacares peaked in abundance in May and June (Table 15).  Auxis rochei peaked in June 
and August.  Thunnus atlanticus also peaked in abundance in June.  Auxis thazard also 
peaked in abundance in August.  Carangidae were most dense in May, June, and August 
2002, July of 2003, and June 2004 (Table 15, Figure 14B).  Carangidae collected 
averaged 7 mm in length, so the majority of Carangidae ichthyoplankton collected were 
larvae and some early juveniles (Table 9, Table 15).  Caranx spp. were abundant 
throughout all months sampled and Caranx crysos particularly peaked in abundance in 
July and August (Table 15).  Seriola spp. peaked in abundance in May and July.  
Elagatus bipinnulata peaked in abundance in July and relatively smaller peak in 
abundance in August.  Selar crumenopthalmus peaked in abundance in July (Table 15).  
Coryphaenidae were most dense in May 2002, July 2003, and June, July, and August 
2004 (Figure 14C).  Coryphaenidae collected averaged 15 mm in length and about half 
were larvae and half early juveniles (Table 9, Table 15).  Coryphaenidae were present 
throughout the summer but peaked in abundance in May and a second peak in July.  
Exocoetidae were most dense in May, June, July, and August 2002, July 2003, and June 
and August 2004 (Figure 14D).  All Exocoetidae were under 15 mm in length and 
averaged 5 mm in length so almost all were considered larvae (Table 9, Table 15).  
Cheilopogon exsiliens, C. furcatus, Exocoetus obtusirostris, Hirundicthys affinis, 
Oxyporhamphus micropterus, Parexocoetus brachypterus, and P. occidentalis peaked in 
abundance in May (Table 6).  Cheilopogon exsiliens, E. obtusirostris, O. micropterus, P. 
brachypterus, and P. occidentalis peaked in abundance again in July (Table 15).  
Mugilidae peaked in abundance in June and averaged 10 mm in length were mostly 
larvae and some early juveniles (Table 9, Table 15, Figure 14E).  Kyphosidae were dense 
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in June, July and August 2002, and July 2003 (Figure 14F).  Sphyraenidae peaked in 
abundance in August and averaged less than 10 mm in length (Figure 5G, Table 9, Table 
15).  Balistidae were most dense in August 2002, July 2003, June and August 2004 
(Figure 14H).  Balistidae were present throughout the summer and peaked in abundance 
in August and were mostly larvae, early juveniles, and some adults (Table 9, Table 15).  
The SIMPER analysis indicated that a relatively small subset of taxa contributed to the 
significant differences among the temporal four assemblages (Table 16).  The relative 
density of the families Exocoetidae, Carangidae, and Scombridae contributed the most to 
the differences in pairwise dissimilarity of each assemblage (Table 16).   
Table 14   
One-way Analysis of Similarity (ANOSIM) test of differences between each of the four 
“temporal” community assemblages and an outlier group.   
 
Assemblage R P value 
May/June/July v. Outlier  0.127 0.162 
May/June/July v. May/June 0.966 0.003 
May/June/July v. July/August 0.921 0.005 
May/June/July v. June/July 1 0.008 
Outlier v. May/June 0.39 0.002 
Outlier v. July/August 0.317 0.002 
Outlier v. June/July 0.163 0.061 
May/June v. July/August 0.762 0.001 
May/June v. June/July 0.786 0.001 
July/August v. June/July 0.757 0.002 
 
Note:  The Global R for the ANOSIM is 0.571 with a corresponding p value of 0.001, indicating significant dissimilarity between each 
of the temporal groups of the Sargassum community.   
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Table 15   
Length frequency for each species or family during the time period collected between May 2002 to August 2002, July 2003, and June 
and August 2004.   
      Size Class (mm) 
Family Species Date 0 - 5 5 - 10 10 - 15 15 - 20 20 - 25 >25 
Scombridae Thunnus albacares June 2004 42 17     
   August 2004 17 1         
 Auxis rochei June 2002 8 5     
  August 2002 1      
  July 2003 7 4     
   June 2004 51 4         
 Thunnus atlanticus May 2002 1 1     
  August 2002  1     
  June 2004 29 20     
   August 2004 1           
 Auxis thazard May 2002   1    
  June 2002 18 82     
  August 2002 2      
  July 2003 4 1     
    June 2004 28 8         
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Table 15 (continued). 
      Size Class (mm) 
Family Species Date 0 - 5 5 - 10 10 - 15 15 - 20 20 - 25 >25 
Carangidae Caranx sp. May 2002 34 3     
  June 2002 
80 5  
   
  August 2002 
9 7  
   
  July 2003 
266 22  
   
 
  June 2004 82 15 2       
 
Caranx crysos June 2002     1 1 
 
 July 2002 11 1 2 4 2  
 
  August 2004   18 48 17 3 11 
 
Seriola sp. May 2002 12 4 1    
 
 June 2002  9     
 
 July 2003 3 4 1    
 
  June 2004 4 1         
 
Elagatus bipinnulata June 2002 15      
 
 July 2002   1    
 
 August 2002  4 15 17 8 3 
 
 July 2003  2 2    
 
  June 2004   1         
Carangidae Selar crumenophtalamus July 2002 19 1     
  August 2002   2    
  July 2003 1 2     
    August 2004 2           
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Table 15 (continued). 
      Size Class (mm) 
Family Species Date 0 - 5 5 - 10 10 - 15 15 - 20 20 - 25 >25 
Coryphaenidae May 2002 1 6  6 2 3 
  June 2002   6 3   
  July 2002      1 
  August 2002     1  
  July 2003 2 1 4  2  
  June 2004 4 2 16 9 1 1 
    August 2004 4 1         
Exocoetidae Cheilopogon exsiliens May 2002 67 19 4    
  June 2002 41      
   July 2003 6 2         
 Cheilopogon furcatus May 2002 52 6 1    
 
 
July 2003 2 3         
Exocoetus obtusirostris May 2002 6 4     
  June 2002 8     
  August 2002  1    
   July 2003 18 4         
 Hirundichthys affinis May 2002 36 44 7 2   
  June 2002  1    
   July 2003 2 3         
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Table 15 (continued). 
      Size Class (mm) 
Family Species Date 0 - 5 5 - 10 10 - 15 15 - 20 20 - 25 >25 
 
Oxyporamphus micropterus May 2002 5 17 3  1  
  July 2002 1 7 1    
  August 2002 10 7     
   July 2003 2 1         
 Parexocoetus brachypterus May 2002 10 8     
  June 2002 18 24     
   July 2003 7 13         
Exocoetidae Prognichthys occidentalis May 2002 130 21 7 1   
  June 2002 14 42 22    
  July 2002 2      
  August 2002 37 23 11 3   
 
  July 2003 68 11 4       
Mugilidae  May 2002 1 3     
  June 2002 91 9     
  
June 2004 2 43 45 6   
Kyphosidae May 2002 1 1      
 June 2002 5 3      
 July 2002  6      
 August 2002 2 43 40 3    
 July 2003  2 1     
  June 2004   1   1      
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Table 15 (continued). 
   
Size Class (mm) 
Family Species Date 0 - 5 5 – 10 10 – 15 15 - 20 20 - 25 >25 
Sphyraenidae May 2002 
 
1 2    
  June 2002 2 4     
  July 2003 1 2 5 1   
    June 2004 243 47 1 1     
Balistidae  May 2002 
 
  1   
  June 2002 
 
1     
  August 2002 6 35 16 4 9 8 
  July 2003  3     
  June 2004 1 3     
  August 2004 
 
2    1 
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Table 16   
Percent contribution and percent cumulative contribution of each family using SIMPER 
(similarity percentages) analysis to determine differences in community composition 
between the identified temporal assemblages and outlier group.   
Assemblage Family Contribution Cumulative 
May/June/July v. Outlier  Exocoetidae 42.98 42.98 
 
Scombridae 10.79 53.77 
 
Hemiramphidae 9.3 63.06 
 
Clupeidae 8.74 71.81 
 
Balistidae 6.35 78.15 
 
Lobotidae 5.84 83.99 
  Coryphaenidae 4.17 88.16 
May/June/July v. May/June Exocoetidae 64.2 64.2 
 
Carangidae 9.22 73.43 
 
Hemiramphidae 5.42 78.85 
 
Balistidae 4.98 83.83 
  Mugilidae 3.43 87.26 
Outlier v. May/June Exocoetidae 53.3 53.3 
 
Clupeidae 8.72 62.03 
 
Carangidae 7.12 69.14 
 
Balistidae 5.99 75.13 
 
Scombridae 5.27 80.4 
 
Kyphosidae 4.47 84.87 
  Mugilidae 4.2 89.07 
May/June/July v. July/August Carangidae 45.69 45.69 
Exocoetidae 19.45 65.14 
 
Hemiramphidae 9.22 74.37 
 
Balistidae 6.95 81.32 
  Coryphaenidae 4.65 85.97 
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Table 16 (continued).   
Assemblage Family Contribution Cumulative 
Outlier v. July/August Carangidae 35.29 35.29 
 
Exocoetidae 14.64 49.92 
 
Balistidae 9 58.92 
 
Clupeidae 8.8 67.72 
 
Scombridae 8.33 76.05 
 
Kyphosidae 5.73 81.79 
  Coryphaenidae 4.76 86.55 
May/June v. July/August Exocoetidae 62.61 62.61 
 
Carangidae 15.79 78.4 
 
Balistidae 5.74 84.14 
  Kyphosidae 3.88 88.02 
May/June/July v. June/July Carangidae 61.74 61.74 
Exocoetidae 17.26 79 
  Scombridae 8.55 87.55 
Outlier v. June/July Carangidae 46.67 46.67 
 
Exocoetidae 17.22 63.89 
 
Clupeidae 8.24 72.13 
 
Scombridae 7.21 79.34 
 
Mugilidae 5.4 84.74 
  Hemiramphidae 3.22 87.95 
May/June v. June/July Carangidae 52.9 52.9 
 
Exocoetidae 26.06 78.95 
  Scombridae 6.61 85.56 
July/August v. June/July Carangidae 53.57 53.57 
 
Exocoetidae 21.22 74.79 
 
Scombridae 8.38 83.17 
 
Mugilidae 5.13 88.31 
 
Note:  Families are listed that make up 85% or greater of the cumulative dissimilarity percentage, those in bold contribute more than 
ten percent of dissimilarity.  
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Figure 14.  Relative densities for each family represented as a bubble plot in the identified non metric multidimensional scaling 
assemblages of the following:  A.) Scombridae, B.) Carangidae, C.) Coryphaenidae, D.) Exocoetidae.  Groups designated with black 
circles were sampled in May 2002, dark grey circles June 2002, grey circles July 2002, open circles August 2002, wavy lined circles 
July 2003, vertical lined circles June 2004, and horizontal lined circles August 2004.    
A. B. 
C. D. 
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Figure 14 (continued).  Relative densities for each family represented as a bubble plot in the identified non metric multidimensional 
scaling assemblages of the following:  E.) Mugilidae, F.) Kyphosidae, G.) Sphyraenidae, H.) Balistidae.  Groups designated with black 
circles were sampled in May 2002, dark grey circles June 2002, grey circles July 2002, open circles August 2002, wavy lined circles 
July 2003, vertical lined circles June 2004, and horizontal lined circles August 2004.   
E. F. 
G. H. 
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Discussion 
In this study, the ichthyoplankton community sampled adjacent to Sargassum 
were affected by gear selectivity and show some temporal variation in their dynamics.  I 
described a weak temporal pattern of Sargassum habitat use by ichthyoplankton that may 
indicate seasonal variations in density of ichthyoplankton in the Gulf of Mexico.  There 
was no difference in community structure between the two Sargassum morphologies 
(windrows and mats) examined, suggesting that the influence of Sargassum on 
ichthyoplankton recruitment may be limited (Beck et al. 2001).   
Gear selectivity was pronounced and two different portions of the 
ichthyoplankton assemblages were described.  The ability of a gear to sample the same 
fish assemblage differently can result in biases in the quantification of abundance, 
diversity, and relative ages of targeted taxa (Scott 1993, Gray 1996, Cailliet et al. 1999).  
Such differences can be the result of avoidance of gear by some taxa or by a subset of 
sizes or ages of a single taxa.  For example, Scott (1993) observed differences in the 
proportion of ages of bluefin tuna encountered using neuston nets with of mesh sizes 
333 μm and 505 μm.  I speculate that some families of Sargassum associated juveniles, 
that have greater swimming speed, may be under-sampled in this study.  Similarly, an 
understanding of habitat diversity can also be affected by gear bias.  Moser et al. (1998) 
sampled Sargassum using a remotely operated vehicles (ROV) and dip nets.  Moser et al. 
(1998) concluded that the two methods had vastly different abilities to assess the fish 
community:  sampling by dip nets resulted in estimates that were an under-representation 
fish taxa that were larger and faster and ROV observations underestimated the “obligate” 
fish community.  In addition to Moser et al. (1998) findings, this study similarly observed 
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that the estimated density of a portion of the Sargassum community is also under-
represented.  The use of multiple gears to fully quantify the diversity and abundance of 
taxa in a habitat is necessary because of each gear has differential ability to capture fishes 
(Moser et al. 1998, Hernandez and Shaw 2003).  The complexity of Sargassum habitat 
contributes to potential biases.  Sargassum associated fishes were difficult to sample 
because associated fishes can evade collections by entering the Sargassum habitat, 
making their represented density less accurate in this study (Fedoryako 1981).  It may be 
the case that sampling the fish community of large mats is more prone to error than 
smaller or less aggregated Sargassum patches (Fedoryako 1981) because smaller patches 
are easier to sample.  Because of the observed gear selectivity, the restricted analysis of 
community composition limits the inferences that can be made about the community 
structure of associated fish taxa present in the Sargassum.   
After controlling for gear selectivity, I found that Sargassum morphology does 
not influence the associated ichthyoplankton community structure.  The ichthyoplankton 
community patterns were homogenous among different Sargassum morphologies 
(Lindsey M. Kramer 2014).  The categorization of habitat classification that I used in this 
study may be confounded by both spatial and temporal factors.  Sargassum habitat 
morphology may be an inappropriate predictor of the ichthyoplankton community 
because of the temporal instability of the habitat.  Sargassum rarely remains in any one 
place or form for any length of time (Dooley 1972, Wells and Rooker 2004).  Sargassum 
habitat is influenced by season, winds, and currents which does not promote the 
necessary stability for a highly structured community (Butler and Stoner 1984, Stoner 
and Greening 1984).  Sargassum should be considered an intermediately disturbed 
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environment where the habitat itself is the limiting resource (Kingsford and Choat 1985, 
Rountree 1989).  Sanders (1968) also noted other environments (e.g. estuaries, polar 
habitats, and arid deserts) whose environmental conditions fluctuate widely were 
subjected to relatively more “physical control” (environmental factors) than “biological 
control” (competition).  Physically controlled environments contrast those environments 
that exhibit constant conditions such as a rain forest or deep ocean (Sanders 1968).  
Because of the environmental variability, the biological community also fluctuates in 
species richness and number of individuals (Sanders 1968).  Like other physically 
controlled environments, Sargassum has a large variability in richness and diversity.  
Connell (1978) concluded that community assemblages may not be able to attain higher 
levels of organization if disturbances are too frequent, but also noted that equilibrium of 
the community is also maintained by these same disturbances.  Sargassum can be 
considered an intermediately disturbed habitat that generally lacks a consistent habitat 
driven organizational structure.   
I identified temporal changes in community structure that may be the result of a 
temporal recruitment pattern.  Temporal variations in  recruitment to Sargassum has been 
reported by Wells and Rooker (2004), where they described monthly contrasts in 
community structure, correlated with an increase in salinity and temperature over the 
course of the summer.  Wells and Rooker (2004) suggested that the small size of the 
ichthyoplankton collected in the Sargassum was a result of nearby spawning.  I infer that 
the patterns observed here were the result of differential spawning activity (Appendix D).  
Tunas generally spawn throughout the late spring summer, and species such as Auxis 
rochei and A. thazard spawn from March through August (Collette and Nauen 1983, 
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Collette and Aadland 1996), Thunnus atlanticus spawn from June to September (Collette 
and Nauen 1983), but T. albacares and Katsuwonus pelamis spawn over the course of the 
summer (Schaefer 2001).  Spawning of these tuna species may coincide with the 
appearance and increased abundance in Sargassum.  Auxis rochei peak in abundance in 
June and August, T. atlanticus peak abundance in June, T. albacares peak abundance in 
May and June, and K. pelamis peak abundance in August.  Members of the family 
Istiophoridae spawn throughout the summer from May to September peaking in July 
(Nakamura 1985, Brown-Peterson et al. 2008a, Brown-Peterson et al. 2008b, Simms et 
al. 2010, Kraus et al. 2011).  Carangidae are also summer spawners particularly C. crysos 
while Seriola spp. spawn in the late spring and early summer (McPherson 1991, Ditty et 
al. 2004, Muhling et al. 2010, Muhling et al. 2012).  Carangidae spawning coincides with 
their presence in Sargassum in mid-summer.  Exocoetidae have a protracted spawning 
season, February to June (Hunte and Mahon 1995, Lao et al. 2007) which coincide with 
the appearance and increased abundance of this taxa during July in Sargassum.  
Coryphaenidae spawn in the spring to early summer (Palko et al. 1982) which coincides 
with their appearance and increased abundance during May in the Sargassum.   
Associated fish spawning coincides to the particular times ichthyoplankton recruit 
temporally to the Sargassum.  In physically dominated environments, differential year 
class strength is the result of a taxa maximizing the benefits of favorable environmental 
conditions (Sanders 1968).  Increases or decreases in a population of particular species 
may be linked to the presence and stability of Sargassum habitat.  Particular families in 
the Sargassum ichthyoplankton community appear to oscillate in density, and this may be 
the result of Sargassum being a limited resource in a relatively unstable environment 
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(Dayton and Hessler 1971).  A factor contributing to the weak family-specific temporal 
pattern observed here is the taxonomic level used to evaluate the community composition 
(Hernandez 2013) because there is inter-familial variability in the spawning periods of 
the fishes reported here (Vásquez-Yeomans 2000).  A species-specific analysis of the 
composition of the community may result in greater precision of the assessment of 
temporal community patterns.   
Understanding the temporal recruitment pattern in the Sargassum habitat may also 
increase understanding of population dynamics of economically important fisheries 
stocks of billfish, tunas, and dolphinfishes (Roughgarden et al. 1988, Caley 1996).  
Knowing the extent of how economically important species use the Sargassum, and if 
Sargassum habitat facilitates a nursery function for species such as snapper, grouper, 
tunas, dolphinfishes, and billfishes is an important determinant in those species life 
history (Kingsford and Choat 1985, SAFMC 2002).  The variation in the Sargassum 
affects the population of species that rely on it for shelter and increased prey availability.   
Predicting the occurrence and biomass of the Sargassum could lead to improvements in 
the management of these economically important species.  
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APPENDIX A 
PRINCIPLE COMPONENTS ANALYSIS FOR BEST PROCEDURE IN LOOP 
CURRENT ANALYSIS 
Reported eigenvalues of the Principle Components Analysis matrix for the 
environmental variables used in BEST procedure, an optimal matching procedure for the 
environmental matrix from a Principle Components Analysis linking Bray-Curtis 
similarity community data.  Temperature, salinity, dissolved oxygen, and wind were 
compiled from observed data.  Modeled data were compiled using chlorophyll a from 
satellite data from Moderate Resolution Imaging Spectroradiometer (MODIS) sensors; 
and temperature at 100 m (HycomT100), current velocity and direction, and sea surface 
height were compiled from Hybrid Ocean Coordinate Model (HYCOM).   
 
PC 1 2 3 4 5 
Eigenvalues 7.71 1.43 1.2 0.989 0.372 
Variation 64.2 11.9 10 8.2 3.1 
Cumulative Variation 64.2 76.1 86.1 94.3 97.4 
Day 0.356 0.018 0.056 0.119 0.011 
Year 0.353 0.062 0.066 0.138 0.017 
Chlorophyll a -0.302 0.25 0.014 -0.026 0.577 
HycomT100 -0.291 0.22 0.136 0.434 -0.312 
Day/Night -0.025 -0.014 0.858 -0.228 -0.33 
Salinity 0.349 0.086 0.11 0.048 0.078 
Temperature 0.18 0.523 -0.395 -0.164 -0.548 
Dissolved Oxygen -0.353 -0.095 -0.028 -0.129 -0.042 
Current direction -0.172 0.625 0.183 0.399 0.118 
Current velocity -0.355 0.045 -0.033 -0.131 -0.036 
Sea surface height -0.324 0.016 -0.128 -0.374 -0.241 
Wind -0.182 -0.449 -0.13 0.603 -0.281 
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APPENDIX B 
PRINCIPLE COMPONENTS ANALYSIS FOR BEST PROCEDURE IN 
SARGASSUM ANALYSIS 
Reported eigenvalues of the Principle Components (PC) Analysis matrix for the 
environmental variables used in BEST procedure, an optimal matching procedure for the 
environmental matrix from a Principle Components Analysis linking Bray-Curtis 
similarity community data.  Month, year, wind speed, salinity (ppt), Temperature (°C), 
Dissolved Oxygen (mg/L), morphology of Sargassum samples (windrow or mat), and 
estimated volume of Sargassum patch were compiled from observed data.  Averaged 
Julian date, area sampled (one of four), inshore or offshore, and day or night were also 
estimated from the observed data after sampling.   
 
PC    PC1    PC2    PC3    PC4    PC5 
Eigenvalues 3.57 2.31 1.85 1.14 1.13 
%Variation 29.7 19.2 15.4 9.5 9.4 
Cum.%Variation 29.7 49 64.4 73.9 83.3 
Month -0.408 0.168 -0.353 -0.107 0.175 
Year -0.293 -0.192 0.379 -0.015 -0.404 
Average Julian date -0.436 0.121 -0.307 -0.151 0.164 
Area -0.029 -0.512 -0.073 0.454 0.229 
In/Off Shore -0.168 -0.59 -0.045 0.067 0.138 
Day/Night -0.105 -0.076 0.43 0.261 0.285 
Wind 0.389 -0.046 0.15 -0.413 0.245 
Salinity (ppt) 0.215 -0.323 -0.41 -0.29 0.251 
Temperature -0.489 -0.028 0.044 -0.155 -0.141 
Dissolved Oxygen 0.175 0.345 -0.273 0.618 -0.021 
Morphology -0.046 0.236 0.417 -0.103 0.484 
Estimated volume 0.218 -0.148 -0.061 -0.129 -0.499 
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APPENDIX C 
SARGASSUM MAT AND WINDROW FAMILY COMPARISON 
Total individual density, mean density (fish/100 m
3
) and standard deviation for the most abundant families taken at subjective 
Sargassum habitat morphology and percent contribution and percent cumulative contribution of each family using SIMPER (similarity 
percentages) analysis to determine differences in community composition between the subjective Sargassum habitat morphology.  
Families are listed that make up 85% or greater of the cumulative dissimilarity percentage.   
 
 
Mats Windrows SIMPER 
Family Total Mean ± SD Total Mean ± SD Contribution Cumulative 
Carangidae 50.99 1.96 5.69 74.91 1.39 2.9 28.17 28.17 
Exocoetidae 23.77 1.19 1.67 109.19 1.2 2.45 26.4 54.57 
Mugilidae 21.62 7.21 11.85 45.35 9.07 16.3 7.05 61.62 
Clupeidae 5.18 1.73 0.82 178.65 178.65 - 6.24 67.86 
Kyphosidae 12.21 4.07 6.84 5.62 0.8 1.05 5.9 73.77 
Scombridae 7.53 1.26 1.98 56.99 1.42 6.98 5.86 79.63 
Balistidae 2.45 0.49 0.3 7.84 0.6 1.09 4.54 84.18 
Gerreidae 6.07 3.04 3.72 67.14 67.14 - - - 
Mullidae 2.11 1.05 0.69 - - - - - 
Blennidae - - - 2.11 2.11 - - - 
Hemiramphidae 0.77 0.38 0.26 4.05 0.67 0.66 - - 
Lobotidae 1.47 0.37 0.22 4.14 0.83 1.53 - - 
Monocanthidae 0.89 0.89 - - - - - - 
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APPENDIX D 
SARGASSUM SPECIES AND FAMILIES REPORTED SPAWNING PERIODS AND 
DENSITY 
Spawning period and peak density of families and species of the associated 
Sargassum fish community and peak in density of larval and juvenile fishes in the 
Sargassum collected between May 2002 to August 2002, July 2003, and June and August 
2004.    
 
   
Peak density in 
Sargassum Family Species Spawning Period 
Scombridae Auxis rochei  May - August June, August 
 
Auxis thazard  May - August August 
 
Thunnus atlanticus  June - September June 
 
Thunnus albacares Summer May and June 
 
Katsuwonus pelamis Summer August 
Istiophoridae 
 
May - September July 
Carangidae Caranx crysos  Late Spring, Early Summer July and August 
 
Seriola spp.  Late Spring, Early Summer May and July 
 
Elagatus bipinnulata  
 
July and August 
 
Selar crumenopthalmus 
 
July 
Exocoetidae 
 
February - June July 
Coryphaenidae 
 
Late Spring, Early Summer May and July 
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